A subset of Spitz nevi poses substantial diagnostic difficulty, even among experts, due to its resemblance to malignant melanoma. These lesions are termed atypical Spitz nevi/tumors and there is currently a lack of objective criteria for predicting their biologic behavior. We compared the expression of Ki-67, p21, and fatty acid synthase by immunohistochemistry in 10 atypical Spitz nevi, 28 typical Spitz nevi, 19 compound melanocytic nevi and 18 invasive malignant melanomas. There was a progressive increase in fatty acid synthase cytoplasmic expression with statistically significant differences observed between Spitz nevi and atypical Spitz nevi (P ¼ 0.003) and between atypical Spitz nevi and malignant melanoma (Po0.050). Ki-67 nuclear staining was lower in both typical and atypical forms of Spitz lesions than in malignant melanoma (Po0.001). The degree of P21 nuclear expression in atypical Spitz nevi was not significantly different than in Spitz nevi, but was significantly greater than expression in conventional nevi and approached significance after multiple comparisons corrections for malignant melanoma. Thus, a high level of P21 expression makes a tumor more likely to be a typical or atypical Spitz nevus than a malignant melanoma, especially when coupled with a low Ki-67 index and weak expression of fatty acid synthase. These immunohistochemical observations support the concept that atypical Spitz nevi are distinct lesions of borderline biologic behavior residing between Spitz nevi and malignant melanoma. The study also compared a large array of histologic features of 16 cases of typical Spitz nevi in children with 12 typical Spitz nevi in adults. The adult lesions were significantly more likely to be intradermal and to display dermal fibroplasia, but were histologically similar to their pediatric counterparts in all other respects.
Characterized in late 1948 by Sophie Spitz as 'juvenile melanomas', Spitz (spindle and epithelioid cell) nevi are now recognized as a distinct entity. 1 A subset of Spitz nevi poses substantial diagnostic difficulties, even among experts, due to its resemblance to malignant melanoma and such cases are termed atypical Spitz nevi/tumors. 2, 3 Currently, there is a lack of objective criteria for predicting the biologic behavior of such lesions. 3, 4 Some studies have suggested the following histologic criteria for assessing the malignant potential of Spitz nevi: large size (41.0 cm), tumor extension into the subcutis, presence of ulceration, and high mitotic index. 5, 6 However, these studies focused mainly on the clinical and histologic features without consideration of the immunohistochemical profile.
Many studies have investigated the role of immunohistochemical stains in distinguishing Spitz nevi from malignant melanoma, but no markers are yet known to reliably differentiate the two neoplasms. Bergman et al 7 reported that Spitz nevi show a stratified staining pattern for HMB-45, but Palazzo and Duray 8 and Smith et al 9 found a heterogeneous HMB-45 staining pattern in typical Spitz nevi. There is overlap in the staining pattern of AgNOR (silver-stained nucleolar organizing region) that is not helpful in distinguishing Spitz nevi from malignant melanoma. 10, 11 Similar results are observed for DNA ploidy analysis, cyclin D1, c-myc, c-fos, telomerase, and Bcl-2. [12] [13] [14] [15] [16] [17] Negligible levels of p53 expression are seen in Spitz nevi in contrast with higher expression in malignant melanoma. 18 However, a negative result does not exclude malignant melanoma since positive p53 staining is reported in only 35% of malignant melanomas. 19 Loss of p16 expression is documented in both melanocytic nevi and malignant melanomas. 20 Ki-67 protein (MIB-1) is expressed during the proliferative cell cycle (G1, S, G2, and M phases) and is absent in the resting (G0) phase. 21 Several studies have shown that the MIB-1 index is a helpful marker for distinguishing between melanocytic nevi and malignant melanoma. 8, 16, 17, 20, 22 Tumor suppressor p21 WAF1/CIP1 is the main downstream effector gene mediating p53-induced cell cycle arrest and has different expression in nevi and malignant melanoma. 20 Fatty acid synthase, the key enzyme responsible for the synthesis of fatty acids, was weakly expressed in some normal human tissues. Recently, strong expression of fatty acid synthase was found in malignant melanoma, while only weak expression was present in melanocytic nevi. 23 In this study, we investigated the potential use of Ki-67, p21, and fatty acid synthase immunohistochemical stains for distinguishing atypical pediatric Spitz nevi from malignant melanoma. In addition, we compared a broad array of histologic features in typical pediatric Spitz nevi to typical Spitz nevi in adults. 
Materials and methods

Histologic Evaluation of Spitz Nevi
The following architectural and cytologic features were graded as either present or absent in Spitz nevi and atypical Spitz nevi: type (intradermal or compound), symmetry, circumscription, lateral extension/shoulder, single-cell pattern, suprabasal spread, disordered junctional nesting, expansile nodule, increased cellularity, uniformity of nests, predominance of either spindle or epithelioid cell, loss of cellular cohesion, deep extension into subcutaneous tissue, maturation, ulceration, necrosis, dermal fibroplasia, nuclear pleomorphism, variation in nuclear chromatin, nuclear enlargement, variation in nucleoli, mitotic figures, atypical mitotic figures, and marginal mitotic figures. The mitotic figures were the sum for 10 high-power fields (HPF). The inflammatory infiltrate was graded
The size and depth of the tumors were measured in millimeters.
Criteria used for diagnosing atypical Spitz nevi were those outlined by Barnhill. 24 These features included asymmetry, expansile nodule, increased cellularity, deep extension into subcutaneous tissue, lack of maturation, nuclear pleomorphism, and marginal mitoses. All 10 atypical Spitz nevi/tumors had three or more of these features.
Immunohistochemistry
Sections (4 mm thick) were obtained for immunohistochemical studies, which were performed using standard avidin-biotin peroxidase complex techniques, heat-induced epitope retrieval buffer, biotin blocking system, and primary antibody against Ki-67 (clone MIB-1, 1:150, Dako, Carpinteria, CA, USA), p21 WAF1/CIP1 (clone SX118, 1:25, Dako), and fatty acid synthase (clone 14G5, 3 mg/ml, Immuno-Biological Laboratories Co., Ltd., Japan). p21 immunostain was repeated on a number of selected cases (two nevi, two Spitz nevi, four atypical Spitz nevi, two melanomas) with another monoclonal antibody (clone SX118, 1:20, BD Biosciences Pharmingen, San Diego, CA, USA) that has already been standardized by UT Southwestern Laboratory of Immunohistochemistry. Appropriate negative and positive controls were included with each run. For fatty acid synthase staining, its expression in sebaceous glands and stratum granulosum of the epidermis was used as internal positive control, in accordance with the recent work of Uchiyama et al. 25 The sections were lightly counterstained by the Giemsa method so that unstained nuclei were light blue in color and any melanin pigment appeared green. 26 Each case was scored separately by two of the authors in a blinded fashion (PK and MPH). The cases, for which there was disagreement, were rescored jointly for consensus. Ki-67 and p21 immunoreactivity was scored as a percentage on the basis of a manual 500-cell count in the most densely staining area at the junction of the epidermis and dermis, and in the dermis. Evaluation of fatty acid synthase expression was performed using a combined scoring system based on both the fraction of positive tumor cells and the predominant Atypical Spitz nevi/tumors P Kapur et al staining intensity in the tumor similar to that outlined by Innocenzi et al. 23 The number of positive cells was graded using a three-tiered scale
The staining intensity was scored on a three-tiered scale (negative: 0, low intensity: 1, moderate intensity: 2, and strong intensity: 3). The overall score in each case was the average of the staining intensity and positive fraction score.
Statistical Analysis
Comparison of the percentages of positive Ki-67 and p21 nuclear staining and fatty acid synthase expression of the four groups (conventional nevi, Spitz nevi, atypical Spitz nevi, and malignant melanoma) was performed by the Kruskal-Wallis nonparametric analysis of variance because of their non-normal distributions. Dunn-Sidak post hoc corrections were used for the multiple pair-wise comparisons. The discriminating ability of p21 positivity (sensitivity, specificity) to distinguish between Spitz nevi and malignant melanoma was further evaluated using the area under the receiver operating characteristic (ROC) curve. Two-tailed P-values of less than 0.05 were considered to be statistically significant.
Results
Demographic Data
The age of the patients with atypical pediatric Spitz nevi ranged from 6 months to 10 years (mean, 4 years; median, 3 years). The female to male ratio was 4:1. The anatomic location of the tumors was: lower extremity (4); upper extremity (2); head and neck (3); and trunk (1) . The clinical impression for all was benign and included nevus, Spitz nevus, blue nevus, hemangioma, and pyogenic granuloma. A re-excision was performed in three patients. Of these three patients, one also had a sentinel lymph node dissection and one had a regional lymph node dissection. None of these specimens demonstrated either residual or metastatic tumor. All 10 patients are alive and without evidence of disease with follow-up ranging from 1 to 9 years (median, 4.5 years; mean, 4.6 years).
The age of the patients with typical pediatric Spitz nevi ranged from 2 to 14 years (mean, 6 years; median, 5.5 years). The female to male ratio was 1:1. The anatomic location of the tumors was: lower extremity (2); upper extremity (4); head and neck (8) ; trunk (1); and not specified (1). All 16 patients are alive and without evidence of disease with follow-up ranging from 1 to 10 years (median, 4.75 years; mean, 4.5 years).
The age of the patients with adult typical Spitz nevi ranged from 21 to 47 years (mean, 34 years; median, 30 years). The female to male ratio was 1:1.
The anatomic location of the tumors was: lower extremity (7); head and neck (1); and trunk (4). All 12 patients are alive and without evidence of disease with follow-up ranging from 1 to 11 years (median, 3 years; mean, 4 years).
The age of the patients with malignant melanomas ranged from 35 to 97 years (mean, 67 years; median, 65.5 years). The female to male ratio was 1:7. The anatomic location of the tumors was: upper extremity (1); lower extremity (4); head and neck (7); and trunk (6) .
Histologic Evaluation
Histologic features of the 28 typical Spitz nevi (12 adult and 16 children) and 10 atypical pediatric Spitz nevi are summarized in Table 1 . The only statistical significance differences (Po0.05) observed between the adult and pediatric cases of typical Spitz nevi were nevus type (compound in children, intradermal in adults) and greater proportion dermal fibroplasia in the adult cases.
An expansile nodular growth was present in nine of 10 atypical Spitz nevi (Figure 1a) . Six of these tumors extended to the subcutaneous tissue ( Figure  1b 
Immunohistochemistry
Mean Ki-67, p21, and fatty acid synthase counts in conventional nevi, Spitz nevi, atypical Spitz nevi, and malignant melanomas are presented in Table 2 . Nuclear positivity was noted for Ki-67 and p21 while cytoplasmic reactivity was seen for fatty acid synthase (Figure 2 ). These data are presented as box plots in Figures 3, 4 , and 6. The omnibus KruskalWallis analysis of variance tests indicated that at least two of the four groups had significantly different median Ki-67, p21, and fatty acid synthase expression levels. Post hoc pairwise comparisons indicated that there was a progressive increase in Ki-67 nuclear staining from conventional nevi to malignant melanoma with statistical significance observed between each group (Figure 3) . However, there was some overlap in the distributions between Spitz nevi and melanoma at lower levels of Ki-67 activity. p21 expression was not significantly different in Spitz nevi and atypical Spitz nevi, but was significantly higher than in conventional nevi and approached being significantly higher for malignant melanoma, after correcting for multiple comparisons Atypical Spitz nevi/tumors P Kapur et al ( Figure 4 ). Some overlap was again seen in the distributions of p21 expression between Spitz nevi and melanoma.
We used a ROC curve to further examine the relationship between sensitivity and specificity of p21 positivity for predicting Spitzoid tumor type. This analysis indicated that nuclear p21 positivity was good at discriminating the Spitzoid category (Area under the curve ¼ 0.89, see Figure 5 ). Examination of the coordinate points on the curve was performed to determine the optimal sensitivity and specificity cut-off value. When nuclear p21 positivity was greater than 29%, p21 had 82% sensitivity and 81% specificity in predicting a tumor to be in the Spitzoid category. Finally, there was statistically significant and progressively stronger fatty acid synthase expression from nevi to malignant melanoma ( Figure 6 ).
Discussion
The histologic features of Spitz nevi in the children and adults have not been compared in detail. 27, 28 We found a significantly greater number of the intradermal lesions and increased dermal fibroplasia in adult specimens, but there were no other statistically significant differences between the age groups. Atypical mitotic figures were frequently seen in typical Spitz nevi in both children and adults and were not limited to atypical Spitz nevi.
Fatty acid synthase (EC 2.3.1.85) is a multifunctional enzyme, necessary of de novo synthesis of long-chain saturated fatty acids from acetyl-CoA, malonyl-CoA, and NADPH. Fatty acid synthesis appears to be a pivotal process required by many transformed cells for growth and survival. Recently, Innocenzi et al 23 demonstrated statistical association of fatty acid synthase expression with Breslow thickness and overall survival in patients with malignant melanoma. All their metastatic melanomas showed strong fatty acid synthase expression, and we have seen similar results in our laboratory (unpublished data). In the study by Innocenzi et al 23 all 30 conventional melanocytic nevi exhibited only weak fatty acid synthase expression-similar finding in our conventional melanocytic nevi. However, the expression of fatty acid synthase in Spitz nevi has not been previously reported. We observed a progressive increase in fatty acid synthase cytoplasmic expression with statistically significant differences observed between Spitz nevi and atypical Spitz nevi (P ¼ 0.003) and between atypical Spitz nevi and malignant melanoma (Po0.050). Fatty acid synthase expression may possibly have therapeutic relevance since inhibitors of fatty acid synthase, cerulenin and triclosan, have been shown to be cytotoxic to human cancer cells in vitro. 29, 30 We found that both typical and atypical Spitz nevi had significantly greater expression of p21 than conventional nevi and approached statistical significance for malignant melanomas, but overlaps in Atypical Spitz nevi/tumors P Kapur et al H-ras gene amplification and the lack of T1796A mutation in the BRAF gene. [33] [34] [35] These findings support the suggestion that Spitz nevus, in both its typical and atypical forms, is a distinct melanocytic neoplasm. p21 expression results in our study are in essential agreement with those previously reported. We found mean values of 46.50 and 49.25% in Spitz nevi and atypical pediatric Spitz nevi, respectively (Table 2) . Similarly, Maldonado et al 36 reported an average p21 expression of 45 and 39% in Spitz nevi with and without 11p copy number increase, respectively. Trotter et al 37 found mean of 29% in primary melanomas and 33% in metastatic melanoma; and the mean of 27.50% was seen in our melanoma cases ( Table 2 ). The mean p21 expression was not calculated in studies by Karjalainen et al 38 and Sparrow et al; 20 therefore, comparison cannot be made.
Transcription of the WAF1 gene under the control of p53 encodes the p21 WAF1/CIP1 protein, which inhibits progression of the cell cycle at the G1-G2 phase. 39 A number of cell cycle regulatory proteins that control G1/S transition including cyclin D1, cyclin D3, cyclin E, CDK2, p16 INK4a , p27 KIP1 , and p21 WAF1/CIP1 are deregulated in melanoma progression. 40 Spitz nevi also display evidence of cell cycle deregulation such as increased cyclin D1, p21, p16, p27, and phospho-ERK expression, which may partly account for the overlapping immunoprofile seen in Spitz nevi and malignant melanoma. 16, 36 The adverse biologic effect of p21 and cyclin D1 overexpression in Spitz nevi might be mitigated by other properly functioning G1 regulatory mechanisms still present in Spitz nevi, but lost in malignant melanoma.
A number of investigators have suggested a role for MIB-1 immunostaining as a diagnostic adjunct for distinguishing Spitz nevus from malignant melanoma. 16, 17, 22, 41 Nagasaka et al 16 found that all Spitz nevi had a relatively low MIB-1 index (mean 3.2%), which was significantly lower than that of malignant melanoma (mean 15.3%). Similarly, Kanter-Lewensohn et al 17 found an average MIB-1 index of 4% in Spitz nevi and 29.7% in malignant melanoma and Bergman et al 22 reported 1.5% for Spitz nevi vs 14.9% for malignant melanoma. Our data are consistent with these prior observations (Table 1) .
In summary, our findings support the premise that atypical Spitz nevi are lesions of borderline biologic behavior lying between Spitz nevi and malignant melanoma, as evidenced by Ki-67 and fatty acid synthase expression that is intermediate yet statistically different from both. In addition, typical and atypical Spitz nevi both have similarly high p21 expression yet display lower Ki-67 and fatty acid synthase immunoreactivity than malignant melanomas. Thus, a lesion with high p21 expression and low Ki-67 and fatty acid synthase activity is more likely to be an atypical Spitz nevus than a malignant melanoma. Figure 5 The receiver operating characteristic curve demonstrates the discriminating ability of p21 positivity.
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